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C22C 38/00 C21D 1/10 C21D 8/00 C21D 9/32 C22C 38/06 C22C 38/14 

INDUCTION HARDENED PARTS AND PRODUCTION THEREOF 

PROBLEM TO BE SOLVED: To obtain machine parts such as gears having 
characteristics equal to or better than those of carburized particles as for machinability or 
the like with high productivity by specifying the chemical compsn. of steel and the number 
and size of oxide nonmetallic inclusions and furthermore specifying hot forging conditions 
in a secondary working process. 



SOLUTION: Steel having a compsn. contg., by weight, 0.5 to 0.75% C, 0.5 to 1 .8% Si, 0.1 
to 1.5% Mn, sO.020% P, 0.019 to 0.05% Al, sO.0015% O and 0.003 to 0.015% N, contg., 
at need, one or more kinds among 0.05 to 0.5% Mo, 0.0003 to 0.005% B, 0.005 to 0.05% 
Ti, 0.1 to 1 .0% Ni, 0.005 to 0.5% V and 0.01 to 0.5% Nb, and the balance Fe is heated to 
the temp, region of the Ac 3 -1 00°C to the Ac 3 +200°C, is forged at &70% draft in the 
temp, region, is next cooled at a rate of 0.005°C/sec and is thereafter subjected to 
induction hardening and tempering treatment to obtain the parts in which the number of 
oxide nonmetallic inclusions in the steel is regulated to s2.5/mm 2 and the 
maximum size thereof is regulated to s1 9 (a. 
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[f«*«l] ma&T\ C : 0. 5-0. 7 5%. s 
i : 0. 5—1 . S%. Mn:0. 1 — 1. 5%. P: 
0.02 0%JilT. S : 0 . 02 0%WT. A 1 : 0 . 

0 1 9-0. 0 5%. O : 0. 00 1 5%JTF. N : 
0. 0 0 3-0. 0 1 5%£&HLnUFeRlPF*im 
m^&m£*)%&Mmfrhtt:*). Ac 3-1 OQ'CVXt 

a c 3 + 2 o o'cwT^mmx'nmf&t zn&mmz 

&HZ>tol.m7 0%&L±.commbO. 0 0 5*C/s tLL 

o&mmmizji ^mx-mmmmxRx/mi> t* l 
MmzmLxmz c: b zmwib-?z > mmm$ixm&. 
i mmm 2 3 iuf mm$ . iz zt>iz. m&tt 

X\ Mo : 0. 0 5 — 0. 5%. B : 0 . 0 0 0 3 — 
0. 005%. Ti : 0. 005—0. 05%. Ni : 

o. i-i. o%co-ma±zttLT^2>c\tzim 
t -rz mmm 1 mm<^mm^.mxM. 

1 mmm 3 3 mmmi . $ t . a*jt 

T\ V : 0. 0 0 5 — 0. 5 %. N b : 0 . 0 1 — 0 . 

If mm 1 15K«0lS^^MAgBp a 0 . 
[ff*«4 3 fuie£PI*m. ffl^4>tc$^{C. SiJt 
T\ Mo : 0. 0 5—0. 5%. B : 0. 00 0 3 — 
0.0 0 5%. T i : 0. 0 0 5 — 0. 0 5%. N i : 
0. 1-1. 0%co-mi;XkbV : 0. 005-0. 5 
%. Nb:0. 0 1-0. 5%^=5r< £ 

m lt i t -r * i lem^itt^^A 
[ if mm 5 3 mm®^<nmm&i$±mix&mwm. 

mX'9 5%tLhc7) J EMfcJ: DMit$^ i<7re&l>.r b 

IIS*3S7 3 Mitt'. C : 0. 5-0. 7 5%. S 
i : 0. 5— 1 . 8%. Mn:0. 1—1. 5%. P: 
0.02 0%JilT. S : 0 . 02 0%lilT. A 1 : 0 . 
0 1 9-0. 0 5%. O:0. 00 1 5%OT. N : 
0. 0 0 3-0. 0 1 5%^^imUPe RZM^sim 
W^Mfti OSr-g-^ttSr. A c 3 - 1 0 O'CtLhA c 3 
+ 20 OVMTWi&mmzlQf&L . -?<7)&£$<Ci3l,vC 

tiuum 7 o %yjLcvmmzm l . ucur o . 005 xzy 

[ if ^il S 3 mi lEJBttte . «jft«ft $ 4> K . SAib 
T*. Mo: 0 . 05-0. 5%. B : 0. 0003- 
0. 0 0 5%. Ti : 0. 0 0 5-0. 0 5%. Ni : 

o. i-i. o%(7y-mvxt^%^Lx^h^t^m 



mmm9 3 luie^wi. ma.it 

X\ V : 0. 0 0 5-0. 5%. Nb : 0. 0 1-0. 

5%o^< b t-mztttx ^s-r b mmb-th 
mmm 7 iz im^mim mftx^gh cnwm-xm . 
[ if mm i o 3 mmmi. m®.* tc$ a, ic. mut 

T. Mo : 0. 05 — 0. 5%. B : 0. 0003- 
0. 005%. Ti : 0. 005 — 0. 05%. Ni : 
0. 1-1. 0%<r>-mV±bV : 0. 0 0 5-0. 5 
%. Nb:0. 0 1 — 0. 5%C0&%<. b i>—ftb$:-£ 

&Lr\,^zb£n®bi-zmmm7iz§mvmmwi®. 
[if#jsii3 mmtt*crmimjmt±m,i\&fam 

»** 2 . 5 /m m2 JilTT^O-?-<7)ft^-9-^ X*< 1 9 u 

m&TTh h mmm 7^ Lmmm 1 o <d\ ^-rtuptzR 
t if mm i 2 3 Mi eiiWi . mmkomx & Broras^ 

&v » 1 1 <7)V ^^L*»(2iB«coi«^^MAgC n a DO 
[00013 

it%b"<Dmm$mzw.-tz.biz± *)itmztiz,wmcr> 
gp n a p iznmizmmx'% h t, <^-c* s . 

[00023 

[t«*c7)Sffi3 g»», mmmmizm^ti&m 

it, mi, mm, mm o ^wi^m-t^ b iz* mm<m 
mziaz. l . j t<r>mzmmm.Atim.m Lumzn^xm 
mb Lx&m^m^^mm-h b^o ^mx-mm^tix 

z\<Dj:o*mMy°n-txiz£&WmiZV&kcr>mW 
SitXg<7)±^i:^oTV^^. mmzti8 0 0M9 

so-csjK^^TiswrBio^g*^^^^. 

[00033 ifc. XTxa«i£fc:«l:*o*» 

[0004 3 ±ieL^«g*coa^AitMML^I(cff 
T. ^tfiOS i , Mn. Cr<DS.^^-tb^lZM 

o . n i #^ssi)ur«> ctcto /rx«iwicf^fe"r« 
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zm< t^owm-tffoh. ttz, jisii«scm4 3 
x. vt^MAro-fexj: k> ^^mmmtim^mmmnx 
mm^comm^mLxm^tifzit^m^x'^ 

tzMz^ m<y°v*xiz£K)mmZti2>M&coz\'k<& 
if (7) h 7 >x 5 7 y 3 y^>f 7 r 1/ > y •v/l'tfflu 4, 

n&mmcomn^mmimmx'hK) . itRwiKS* 

[0005] 

Ifm&ffi&LJ; o b-tzmmi Zo LtzmW^Sht: 
ttffiffi 6 0-1695 4 »OflS*»Ji£* 

•2.. 

[00 0 63 LsfrUflr**^ *3%BJ#^0«lW{3j;fL 
if . mifa^^6 0 - 16 9 5 4 4 -f4fc«fc:RKW58« 

[0007]*^ ±iz$:mizffl7!k<7)ft¥m®.xn. 
m^mmmiztm Lx&mmmmz&< . ?s^ma 

ft J: 9«/S&MAft^oro*x<^IE£J:?>£j£te<7) 
[0008] *3MI§H;. dtf>J: o%mkffl&e>*MVW 

mmzmmLx%ztitzi>(7)X'hK) . ±mt,^>A^mm 
m&Kiziz&mmcoMmizfmx'. Lfri>m*m%m 
yv*x~mmztih-&mizsm lx . mm* zizm 
lx mmi;xt<r)ft\$izm&-f & z k t^im^mmm^x 
&&&£v*commiTmzmm-r?>zkzmk-t&. 

[0009] 

[ooio] -ttth-b. mmzit, #7c3tjg, mwsm 

S»-t*. i«*5^»iia«Ki&tf*^)aii*K«K:J:ft 

mmmmnzx vmmt^mj&zmiLtz. 
[ooii] &%%imizmw£5-z_?>m*wj:m=?te. 



-TZk.toO. 5M%ejfi*Lb«>38B*ir» ( CI) 
[0012] £#5S*£[fl]_LS-£4fctf>fc:tt. *fttfj&» 

ot-^<^-^x^-^ bffi2£mmz-r& z k wimiz 

&~>ximix^<tz#>. ztizmmz-t&zkizx*) 
&%n®mmztt?&fmtfmu-r&zk<?)Mz. %m 
izmm lx zti$m<tzit2> pmnTcmcom&tmm 

IZ£ $>frt>X'$>&. Z<D*-X7"tJ bcDffl®. 

wzn ltul M3mmmim<D9mx'3bimmmmx 

[0013] 4ft. X*flB$£»*fc*>fctt, MAttSr 
mtcth k vM^bG&ttnWSMfi&m k . Z 

[ 0 0 1 4 ] 3B*3a*«ri*i±3-fr*fc*>fc:li. 
(O*) fXfi»*»jfi^"C**. *»^B«i5>«^»W{c 

intr. o»sro. o o i 5nm.%mT< / z-t&c\kWj>- 

%<k ^mxh^-hK Zii(7)frXlZT-i-ftX'h&. 

[ o o i 5 ] § 4»t=**Bj#^*t«a* Lfeisa. 

k LXfe%Wmmr~?Z> - 1 iifiMLtz k& t )X*>Z> 
[001614ft, ^«Sll5t. #^ASI^aE**y: 
&ZXixWJLh<m%&m*1&&i-?>*:#>lz^ l 9u 

z k ifixm* z k ifim o tz . 

[ o o i 7 ] mz. ft&mitmaim<mwt:miLtz 

mzxtittkmnm^mm&mmbtiK^z k www 

Ltz. Zixli. ^^SMft»^>^, -eoas^J; 
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[0018) feLta^* t & o . mmm.<m&0>i&> 

1 5 p p mfemcifciM-f & ,r fclcj: 0, BHUfe3&E&J( 
# £.1 kifiPfflLtztf. -+M X(,z-y\,^xi3.0R<7)Mfc<V 

&m$mzi$frix&ztiz£&i>(7)Th&. *<vmm. 
mmt-fh i 9 vmixT<7>v-j xt-t&izte. oas-i 
5 p p m&Lriz®mit:mx'ii. mmm^-mt lx 9 5 

%lXkcDETtfi&Wj:Z k jWJ Ltz . 
[00 19]-^ **<0*HHW(c«. IftOjEL&MJB 

■tnzx"). vyj-yf'bmftL&mm&m&aE.tz. z 

[0020] zcomm^mi, &m&%Mmkc>mmtf 
mtx-h 9 , ioKKtc i 0 mmth z t t^imx-h 

*s*fu mMcot^ziimmmzmn-t^^^. 
•tz<vx\ z<vmm,iz£K)mu^T&m±m i ±t&. z 
<oi&m±mz£ 0 mmmit u e >y ^ 

ztLzmq-t&tztbiza. M<omi>t'Lmm.jxz 
-m*b& si, mo. vsixn bmomuwimx'fo k> . 
zti^comaizx 0 mw&m£i§&b& z t #-c# z> . 

[0021 ] ifc. ISifcRjWWiKcRILTtt. l£5»9UC 
a-f ■& ^«0Bi®^*Sr$iJffli-r^ £ £ t: «t O^JKtf-S 

(vm%. i %m$i*vm-?z> z t * j ti= h z t tFwm l 

[0022] iKcfcfRWWriemtffftUfl Lfc»£. £0** 

[0023] HWttSiCfHifcaurf-H^fc LTJiC* 
£i£ £ tataMfrO c iftft&ft 0 . SSM%mm.X'h h <T> 

\izft l . -mm$Lm.\iz x 0 mwomtt® £ tztbiz 
d^&Ci&Kteo . 5--0. 7nm.%n&Th&<ox\ 



x'hwhxhz,. ^wtaj«ws:it«w*ka 
Rffli^A 5 ci*'o. 2mM.%mmt&<, Wj. m 
rnmLkizmm-?&titbiz\zcs.$:o. 5-0. 75s 
A%t m± Zit$>&mwh %(7)x\ imitmzm lx « 

[0024] LTl^J^t, ztih<rm=t<r> 

ftmxmmmtfmm2ti&(r>x\ mmmmxmmmx 
*zx^fm%w*jzi,zftmt®<n®mii&fo±. 

[0025] -mzmmcDmmmam^ = ? u«^^ 

T«. ^jtiSJgJSS- A c 3 - 1 0 0°C— A c 3 + 2 0 0 
L. ^^Z^CDmcO^&m^O . 0 0 5°C/s£X±.t 

•tzzt tfmi>mm<Dmmmzi3%hX"$>& 1 <n^^k% 

[0026] ±iiLtz£o%&mt LXiimtZti&ft 
[0027] ?SM7*o-fe^c7)^<c{i, (KC«B*«fi6ffl$ 

ti% tz&. mm&Amnvmx'mtmMimi ^wsmzt* 
-?x^h. s^tiATD^x^cii mm 
mx *) hitBtmtttf&mk =&■ 0 . isg'jttfli«^TSft 
x^mx-hh, 

[0028] %zx\ *¥zwm ^ \3.-&mmm izmfz,®. 

SrftSfcSo^. -t%h-h. C : 0. 5%llLL<7)miZto 

w£R&-tm : iriiz<v$?u®.mx'&h. mz. 717 
■i hmk^-^-i hcr>&m&mi>mm%mmt:mz-tz 
kwm^tz. 

[0029] -fKch-hmmmm^iz. 5 1> vmmk l 

wmiiati, k mwnm±.-t h . 717^ *^*tgjn-r 
fc trj: *)WMvmstm!3r*h zkk. wmoyh. 

^ c: k iz x 0 . mmwfa±.-t h <r>xh h . 

[0030] — ^'-5^ hO?BJBt>»)T^*=a* 

W%<r>n%k<r>%±m* 7x7^/a--70 co^ffit 
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[0031] **HB»±JSUiW*lftSr t> 

-«r*>^ iUfct, C : 0. 5-0. 7 5%. Si: 
0. 5 — 1 . 8%. Mn:0. 1 — 1. 5%. P : 0. 
0 2 OXHT, S : 0 . 0 2 0%OT, A 1 : 0 . 0 1 
9 — 0. 0 5%. 0:0. 00 1 5%£TF. N : 0. 0 
0 3-0. 0 15%mi, 3£fcifi*fcj6fcT, M 

0 : 0. 0 5 — 0. 5%. B : 0. 0 0 03 —0. 0 0 
5%. Ti : 0. 00 5 — 0. 05%. Ni : 0. 1 — 

1 . 0%tiXlfV : 0. 0 0 5 — 0. 5%. Nb : 0. 
01-0. 5XO^<fcfc-WUL***U »»F 

eRif^mwT-im}£<)%z>mm*L>%< f ). ac3- 

1 0 0*CJiLLAc 3 + 20 OX^TOaUEWT^XMK^: 
-€-<^fflK«fc:*itt4Jnl*7 0%J2Ui^)«aftkO. 0 0 
5°C/ s J3Lh<0»aBStKtc J: SJSSJk *8TXJHifcttA: 

[ o o 3 2 J £;t. f-jffi§8*m. 3=ar*-*BMM«R# 

[ 0 0 3 3 J iiufE£&tt«:. «jfi»tf>*WrJ: 0 KK 

£ k & . *ftm>wkmkiz&h$LW<7m'% t -r 

■Sk-I^i. fiSJtT\C:0. 5 — 0. 7 5%. S 
i : 0. 5-1 . 8%. Mn : 0. 1 — 1. 5%. P : 
0.02 0%OT. S : 0 . 02 0%&T. A 1 : 0 . 

0 1 9 — 0. 0 5%. O:0. 001 5%UTF. N : 
0. 0 0 3-0. 0 1 5%£"gr3rL. Z folZiZmfcf&t 
T. Mo : 0. 0 5 — 0. 5%. B : 0. 0 00 3 — 
0. 0 0 5%. Ti : 0. 0 0 5—0. 0 5%. N i : 
0. 1 — 1. 0%i5*.l>'V : 0. 005-0. 5%. N 
b : 0 . 0 1-0. 5 k 1— «feLh*** 
L. «S$F eRU7F*imW^mto . Ac 
3-10 OtttiA c 3 + 2 0 0°CMT<Di&mmzto?& 

1 . -e- tfMBJKist: fc ^ *x mum 7 o %ia±<oieit i m 

L . *<*>»««»tfftARtflRi k' LAaHSrirf i k 

[ o o 3 4 ] >r it. msE««{i, ft&thmmmt 



lMXa«l 9umlXT<?>i><7)l~t&ZttfX'Z&. 

[0035] i!t, BulB^Wi. ft&&afl£r SBlriSgt 
'J?m 9 5 %m±T'E5i LTMit-f & i k **T*# s . 

[0036] 

[«H*0H*fto»SR] HIT. #BWOS^JKB*a** 

s. t-r. ^mzm^hmti^^m^mmm^iz^ 
^xmmtz. 

[0037] CC:0. 5-0. 7 5%} CttWg»«i 

5B3!tf>JS#Tfc 0 . ^=5: < k t 0 . 5 XHLLvteMW 
Wt'foh. L#>U 0. 7 5%irmtxmwti>t. ft 

0. 7 5%4T'<7)^!)Di:-r^>. 

[0038] CSi:0. 5-1. 8%D S UiMtZ 
L^tffifii^r6]±$-liri>7cST'$)-S>„ i<0ifct=J:9* 

o. 5%iyL±comntf'jmx'$>h. l*»u i. s%£ 

±# URHytt<0fiT£ JS < <QX' 1 . 8 %OTOSsflnk ■* 
CMn:0. 1-1. 5%3 M nl24&Att2:ft±$-fr. 

owawtesaHrr***. o. i %3m<n>mmxw<m 

jfktzitLW 1 . 5%SrjSi.TaS!)p-rSk, Jt5^ 

&a&B*-x?+4 b<omn*mmiz$pz.xm.m&g. 

RimWi&m&fii<r>{&Tt:&5±-tZfzMz^ ^L<li 
MnasjD*$r0. 1-0. 4%i;-f--i.. 
[0 039] CP:0. 0 2 0%JJIT) P{4^-^-r+ 

m7mm*i&TZ-£&i£fr t )X'%< . ra^twifttt 

0. 0 2 0%itfg§ill). if^L<{±0. 0 15% 
MTX'bZ. 

[0040] CS:0. 020%U1TD StiMnS^f 

^©T^-e-l.^. WT'Mn SlittfiiJtt£|*|±S-£47C 
*Tt>**tf5T0 . 0 2 0%IXT<7)mMm®Ztl$>. 
[0041] [A 1 : 0 . 01 9-0. 05%) A Hi 

ffiMLizimKTcmx'h o . immn^fzMz^m^Ttm 

X'hhtkhlZ, Nti-p-ttA 1 N£J|MU -it* 5 

ffiWfcaSJP't***. 0. 0 l 9%*Sfco&anT{i*?)2& 
S* { /Jn$ < . -HQ ■ 0 5%«r)@iTaanLT t*<^» 
JkW&athWO. 0 19-0. 0 5%<?>muk-t 
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[0042] CN:0. 003-0. 0 1 5%] N(iA 

o.oo3 %&m<7)mnx'itz<7mmtf/hz < . 

0. 0 1 5%£mtTmo^Ztm§l3£Bt&$:{&T2lt 

h^tizx *) mmmmmizm^mmxm^m l < mm 

£-££<?)T0. 0 0 3-0. o i 5%<7)mut-$-&. t 

mmiznztzv>izii^ wmcoTmrnzo. ooe%t-r 
[0043] *mmzii\\x\$. iis^-f^^ofiu 

(C, $£>fc:Mo : 0. 0 5 — 0. 5%. B : 0. 0 00 
3—0. 005%. Ti : 0. 005 — 0. 05%. N 
i :0. 1-1. 0%cr>-mVXk*-£3iZit&ZttfT 

[0044] ztihnTmnftmmfmimMt. 

CMo:0. 05-0. 5%} MoiiMA1±fr±fc3Tffl 

%imx'h o . mx'&zm&^-h tiwzm^h .mow 

&.IJ:#T'#&. $4>{c. MoimmzMffi-f&PmcD 
^MUtoTvmZi&MZit&Z b izX V&7a&gJBdfmm$ 
tt£fi±£-£&#ffl#£> K) . *milz}3^ximm%7t 
ST'ib^iOT'WffiWtc^Jirri.^. 0. 0 5%&fficr>m 
toXW<D%}Mktf'hZ < , -#0. 5%*jBiTaSSDr 
£ t iSJiifcMAO J; ^ ^t^mil^Jn^T'ti^-XT- 
"Mb ^0?§»*>'SH^-fb%S-®fig-r 6 *>T 0 . 0 

5-o. 5%(?ymm<Dmuk-$-z>. 

[0045] CB:0. 0003 — 0. 0 0 5%] Bli 
WlM.<vmaX'ffiA&$:fo±Z-£&7cmX'$>&cr>X\ 

m<v-£4otmzig.mmt2>zbtfX'%&. ttz. &m± 
mzmimizmvx l . umzmm-th p ^igsg&ffiM l 

& . d co^r^tti 0 . 0 0 0 3 %£Xt<7)mMtf'&mX'h 
0. 0 0 5%Sr^i.T^jDLTl,'e£0^(i^ 

[0046] CTi : 0. 005—0. 05%) BCTtffi, 

AttfS]±^ti b tfmt&ztt-t zmsi-zmmx-fc & 

z>< . — * V B li N L^-f ^TEST'S) 0 . i C7)if 

KteJrie L*^&^#nB3rt-.S> . ^ co b c^Aftra] 
_h^^$r. BlJLhlcN<!;^L^(,>T i ^gsjaf 
blzj: Q-HMGM $-&Z>Zb&X'Z&<DX\ TiH\<?> 
J:3^dutti:V\ h^>bi>0. 0 0 5%*M 
nmiiuX'iiZem&lZ'hZiK -15. 0. 05%int 

xm^ztTi Mfi^mzmfiLZixhm^ ztum 



[0047] ^Jt. Ti N(i^MJD^^^-Xx^- 

£0>»&fc:i>TiSani*i:LTttO. 0 0 5-0. 
0 5 %*>«&H##jrc& £ . 

[0048] CNi:0. 1 — 1. 0%) N i li%<vm 

mm.*Q%^hjmx'&,h<r>x, ®.A&$:wm~hw> 

&v^\ 0. l%*?H<7)mjDT{i:-!-c0^*vh$^<7)T' 
0. l%M±.comQt-f&. N i {i®*yc»<ffi3: 
7cST'£>S<0T\ 1. 0%£jB;cTSairr*4:iBftf>3 

[0 04 9]*iB|ti5UT{l V, Nb 

[0050] mffiWiffi.Ay°x=i-tXZ&&m£l ! zlt, W8: 
WR^'kU^WZ^VmcthtitblZ. m$k$M.h LT 

&Zbtf2l&Lu. ffiWmt LX(DMA£gi®-?&iz 
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